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SEMICONDUCTOR PACKAGE INCLUDING A
METAL PLATE, SEMICONDUCTOR CHIP,
AND WIRING STRUCTURE,
SEMICONDUCTOR APPARATUS AND

METHOD FOR MANUFACTURING
SEMICONDUCTOR PACKAGE

This application claims priority from Japanese Patent
Application No. 2012-063947, filed on Mar. 21, 2012, the
entire contents of which are herein incorporated by reference.

BACKGROUND

1. Technical Field

The present disclosure relates to a semiconductor package,
a semiconductor apparatus and a method for manufacturing
the semiconductor package.

2. Description of the Related Art

In the related art, a semiconductor package including a
semiconductor chip and a resin layer that covers the semicon-
ductor chip has been used.

As an example of such a semiconductor package, a struc-
ture has been proposed 1n which an active surface (circuit
forming surface) and a side surface of a semiconductor chip
are covered by an insulating layer and a wiring structure
clectrically connected to the semiconductor chip 1s formed on
the msulating layer (for example, see JP-A-2011-119502 and
JP-A-2008-300854).

As a method for manufacturing such a semiconductor
package, the following method has been proposed.

For example, a support substrate 1s prepared, and a semi-
conductor chip 1s mounted on the support substrate such that
a surface of the semiconductor chip opposite to an active
surface thereot 1s 1n contact with a front surface of the support
substrate. Then, the mounted semiconductor chip 1s encapsu-
lated by an 1nsulating layer, and a wiring layer and an inter-
layer insulating layer are formed on the mnsulating layer to
form a wiring structure. Then, the support substrate is
removed. The semiconductor package 1s thus manufactured.

In the related-art manufacturing process of the semicon-
ductor package, in a state where the semiconductor chip is
fixed on the support substrate and the insulating layer and the
wiring structure are formed, stifiness of the support substrate
1s high, and thus, warpage hardly occurs 1n the semiconductor
package. However, 11 the support substrate 1s removed, stress
in a portion where the support substrate i1s removed 1is
released. Thus, warpage occurs 1n the semiconductor package
due to the stress release.

SUMMARY OF THE INVENTION

Exemplary embodiments of the present invention address
the above disadvantages and other disadvantages not
described above. However, the present ivention 1s not
required to overcome the disadvantages described above, and
thus, an exemplary embodiment of the present invention may
not overcome any disadvantages described above.

According to one or more 1llustrative aspects of the present
invention, there 1s provided a semiconductor package. The
semiconductor package includes: a metal plate comprising a
first surface, a second surface opposite to the first surface and
a side surface between the first surface and the second sur-
face; a semiconductor chip on the first surface of the metal
plate, the semiconductor chip comprising a first surface, a
second surface opposite to the first surface and a side surface
between the first surface and the second surface; a first insu-
lating layer that covers the second surface of the metal plate;
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2

a second insulating layer that covers the first surface of the
metal plate, and the first surface and the side surface of the
semiconductor chip; and a wining structure on the second
insulating layer and comprising: a wiring layer electrically
connected to the semiconductor chip; and an interlayer 1nsu-
lating layer on the wiring layer. A thickness of the metal plate
1s thinner than that of the semiconductor chip. The side sur-
face of the metal plate 1s covered by the first insulating layer
or the second 1nsulating layer.

According to one or more illustrative aspects of the present
ivention, there 1s provided a method for manufacturing a
semiconductor package. The method includes: (a) forming a
first insulating layer on a support substrate; (b) forming a
metal plate on the first insulating layer, wherein an external
dimension of the metal plate 1s smaller than that of the first
insulating layer; (¢) bonding a semiconductor chip onto a first
surface of the metal plate and forming a second insulating
layer to cover the metal plate and the semiconductor chip; (d)
forming a wiring structure on the second insulating layer,
wherein the wiring structure comprises: a wiring layer elec-
trically connected to the semiconductor chip; and an inter-
layer 1msulating layer on the wiring layer; (e) removing the
support substrate, wherein a thickness of the metal plate 1s
thinner than that of the semiconductor chip.

According to the aspect of the invention, 1t 1s possible to
reduce warpage.

Other aspects and advantages of the present invention will
be apparent from the following description, the drawings and
the claims.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1A 1s across-sectional view schematically illustrating
a semiconductor package according to a first embodiment,
and FIG. 1B 1s a plan view schematically illustrating the
semiconductor package shown in FIG. 1A, when viewed
from a lower surface side, wherein a first insulating layer 11
1s not shown 1n FIG. 1B, and FIG. 1A shows a cross-sectional
view ol the semiconductor package which 1s taken along line
A-A 1 FIG. 1B;

FIGS. 2A to 2F are cross-sectional views schematically
illustrating a method for manufacturing the semiconductor
package according to the first embodiment;

FIGS. 3A to 3D are cross-sectional views schematically
illustrating a method for manufacturing the semiconductor
package according to the first embodiment;

FIGS. 4A to 4D are cross-sectional views 1llustrating a
method for manufacturing the semiconductor package
according to the first embodiment;

FIG. 5A 1s across-sectional view schematically illustrating
a semiconductor package according to a second embodiment,
and FIG. 5B 1s a plan view schematically illustrating the
semiconductor package shown i FIG. SA, when viewed
from a lower surtace side, wherein a first insulating layer 11
1s not shown 1n FIG. 5B, and FIG. 5A shows a cross-sectional
view ol the semiconductor package which 1s taken along line
B-B 1n FIG. 3B;

FIG. 6 1s a cross-sectional view schematically illustrating
the semiconductor package according to the second embodi-
ment,

FIGS. 7A to 7D are cross-sectional views schematically
illustrating the method for manufacturing the semiconductor
package according to the second embodiment;

FIGS. 8A and 8B are cross-sectional views schematically
illustrating the method for manufacturing the semiconductor
package according to the second embodiment;




US 8,994,193 B2

3

FIG. 9 1s a cross-sectional view schematically illustrating a
method for manufacturing a semiconductor package accord-
ing to the second embodiment;

FIG. 10 1s a cross-sectional view schematically 1llustrating,
the semiconductor package according to a third embodiment;

FIG. 11A 1s a cross-sectional view schematically 1llustrat-
ing a method for manufacturing the semiconductor package
according to the third embodiment, and FIG. 11B 1s a plan
view schematically 1llustrating the semiconductor package in
a manufacturing process shown in FIG. 11A, when viewed
from an upper surface side, wherein FI1G. 11A shows a cross-
sectional view of the semiconductor package which 1s taken
along line C-C 1n FIG. 11B;

FIGS. 12A to 12C are cross-sectional views schematically
illustrating the method for manufacturing the semiconductor
package according to the third embodiment;

FIGS. 13 A to 13C are cross-sectional views schematically
illustrating the method for manufacturing the semiconductor
package according to the third embodiment;

FI1G. 14 1s a cross-sectional view schematically 1llustrating
a semiconductor package according to a modification
example;

FI1G. 15 15 a cross-sectional view schematically 1llustrating
a semiconductor package according to a modification
example;

FI1G. 16 15 a cross-sectional view schematically 1llustrating
a semiconductor package according to a comparative
example;

FI1G. 17 1s a cross-sectional view schematically 1llustrating
a semiconductor package according to a comparative
example;

FIG. 18 1s a graph illustrating a measurement result
obtained by evaluating temperature dependence of the
amount of warpage; and

FIG. 19 1s a graph illustrating a measurement result
obtained by evaluating temperature dependence of the
amount ol warpage.

DETAILED DESCRIPTION OF EXEMPLARY
EMBODIMENTS

Hereinafter, exemplary embodiments of the present inven-
tion will be described with reference to the accompanying,
drawings. In all the drawings for the explanation of the
embodiments, the members having the same functions are
represented by the same reference numerals, and repeated
description thereof will be omaitted.

Also, 1n the drawings, characteristic portions may be
enlarged for the convemence of 1llustration for easy under-
standing of the characteristics, and the scale of respective
components or the like may not be the same as an actual scale.
Further, 1n the cross-sectional views, hatching of some mem-
bers 1s omitted for easy understanding of cross-sectional
structures of the respective members.

First Embodiment

Hereinatter, a first embodiment will be described referring,
to FIGS. 1A and 1B to FIGS. 4A to 4D.
<Structure of Semiconductor Package>

As shown in FIG. 1A, a semiconductor package 1 includes
a metal plate 10, a first insulating layer 11, a semiconductor
chip 12, a second insulating layer 20, a wiring structure 30,
and a solder resist layer 40.

The metal plate 10 includes a first surface 10A (upper
surface 1 FIG. 1A), a second surtace 10B (lower surface 1in
FIG. 1A) opposite to the first surface 10A, and a side surface
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10C between the first surface 10A and the second surface
10B. The thickness of the metal plate 10 1s set to be thinner
than that of the semiconductor chip 12. Specifically, 1t 1s
preferable that the thickness of the metal plate 10 be about 50
to 95% of the thickness of the semiconductor chip 12, for
example, from the viewpoint of warpage reduction of the
semiconductor package 1. More specifically, the thickness of
the metal plate 10 may be set to about 15 to 70 um, for
example. As shown in FIG. 1B, the metal plate 10 1s formed
over approximately the entire surface excluding an outer edge
of the semiconductor package 1 ({or example, the first 1nsu-
lating layer 11 shown 1n FIG. 1A). The external dimension of
the metal plate 10 1s set to be smaller than the external dimen-
sion of the semiconductor package 1. Further, the external
dimension of the metal plate 10 1s set to be larger than the
external dimension of the semiconductor chip 12. As a mate-
rial of the metal plate 10, metal such as Cu, Al, Fe or N1, or
alloy that includes at least one metal thereol may be used.

As shown in FI1G. 1A, the first insulating layer 11 1s formed
to cover the second surface 10B of the metal plate 10. That 1s,
the metal plate 10 1s formed on a first surface 11A of the first
insulating layer 11 (upper surface in FIG. 1A). The first
insulating layer 11 becomes the outermost insulating layer in
the semiconductor package 1. That1s, the first insulating layer
11 1s an insulating layer in which a second surface 11B (lower
surface 1n FIG. 1A) 1s exposed outside 1n the semiconductor
package 1. The thickness of the first insulating layer 11 may
be setto about 20 to 40 um. As a matenial of the first insulating
layer 11, for example, a thermosetting insulating resin such as
an epoxy-based resin, an acryl-based resin or the like may be
used. A thermal expansion coelficient of the epoxy-based
resin 1s about 46 ppm/° C. at a temperature lower than a glass
transition temperature Tg (for example, 150° C.), and 1s about
120 ppm/° C. at a temperature equal to or higher than the glass
transition temperature Tg. The msulating resin 1s not limited
to the thermosetting resin, and a photosensitive insulating
resin may be used as the insulating resin. Further, as the
material of the first insulating layer 11, for example, a ceramic
material such as aluminum nitride or alumina may be used. It
1s preferable that the same material as that of an interlayer
insulating layer 32 in the wiring structure 30 be used as the
material of the first insulating layer 11 from the viewpoint of
warpage reduction of the semiconductor package 1.

The semiconductor chip 12 1s bonded onto the first surface
10A of the metal plate 10 through a bonding material 13. That
1s, the semiconductor chip 12 1s thermally connected to the
metal plate 10 by the bonding material 13. A logic chip such
as a CPU (Central Processing Unit) chip or a GPU (Graphics
Processing Unit) chip may be used as the semiconductor chip
12, for example. Further, a memory chip such as a DRAM
(Dynamic Random Access Memory) chip, an SRAM (Static
Random Access Memory) chip or a flash memory chip may
be used as the semiconductor chip 12, for example.

The semiconductor chip 12 includes a semiconductor sub-
strate, for example. Silicon (S1) or the like may be used as a
maternal of the semiconductor substrate, for example. Fur-
ther, 1n the semiconductor chip 12, a semiconductor inte-
grated circuit (not shown) 1s formed on a first surface 12A
(upper surface 1 FIG. 1A). Although not shown, the semi-
conductor integrated circuit includes a diffusion layer formed
in the semiconductor substrate, an insulating layer formed on
the semiconductor substrate, vias and wirings provided in the
insulating layer, and the like. Further, on the semiconductor
integrated circuit, an electrode pad (not shown) that 1s elec-
trically connected to the semiconductor integrated circuit 1s
formed, and an electrode terminal 12P 1s provided on the
clectrode pad. The electrode terminal 12P 1s a conductive post
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formed 1n the shape of a pillar that extends upward from the
first surface 12 A of the semiconductor chip 12. The height of
the electrode terminal 12P may be setto about 10 to 20 um, for
example. In a case where the electrode terminal 12P 1s formed
in the pillar shape, the diameter of the electrode terminal 12P
may be set to 30 to 50 um, for example. Copper or copper
alloy may be used as a material of the electrode terminal 12P,
for example.

The size of the semiconductor chip 12 may be set to about
S mmx5 mm to 9 mmx9 mm from a planar view, for example.
The thickness of the semiconductor chip 12 may be set to
about 50 to 200 um, for example. Further, in the present
embodiment, the semiconductor 12 1s formed of silicon, and
a thermal expansion coelficient of the semiconductor chip 12
1s about 3.4 ppm/° C. In the following description, the first
surface 12A of the semiconductor chip 12 may be referred to
as a circuit forming surface 12A.

Further, a silicone polymer-based resin or an epoxy-based
resin may be used as a material of the bonding material 13, for
example. The thickness of the bonding material 13 may be set
to about 5 to 20 um.

The second insulating layer 20 1s formed to cover the first
surface 10A and side surfaces 10C of the metal plate 10, to
cover the first surface 12A and side surfaces of the semicon-
ductor chip 12 and to cover the first surface 11 A of the first
insulating layer 11. The second 1insulating layer 20 1s formed
so that the first surface 20A (upper surface 1n FIG. 1A) on the
side of the wiring structure 30 1s flat. A thermosetting epoxy-
based msulating resin may be used as a matenal of the second
insulating layer 20. The insulating resin 1s not limited to the
thermosetting resin, and a photosensitive insulating resin may
be used. The thickness from the first surface 11 A of the first
insulating layer 11 to the first surface 20A of the second
insulating layer 20 may be set to about 100 to 180 um, for
example.

A via hole VHI1 that 1s formed through the second insulat-
ing layer 20 to expose an upper surface of the electrode
terminal 12P of the semiconductor chip 12 1s formed 1n the
second 1nsulating layer 20.

In the wiring structure 30, a wiring layer and an interlayer
insulating layer are alternately formed. The wiring layer may
have an arbitrary number of layers, and the interlayer 1nsu-
lating layer may have a layer thickness so that the respective
wiring layers are insulated from each other. In an example
shown 1n FIG. 1A, the wirning structure 30 includes a first
wiring layer 31, an interlayer insulating layer 32 and a second
wiring layer 33. In this way, the semiconductor package 1 of
the present embodiment has a “coreless structure” type that
does not include a support substrate, differently from a semi-
conductor package manufactured (obtained by sequentially
forming a predetermined number of build-up layers on both
surfaces or a single surface of a core substrate that 1s a support
substrate) using a general build-up process.

The first wiring layer 31 1s formed on the second 1nsulating,
layer 20. The first wiring layer 31 includes a via wiring 31A
filled 1n the via hole VH1, and a wiring pattern 31B formed on
the second insulating layer 20. The via wiring 31A 1s electri-
cally connected to the electrode terminal 12P that 1s exposed
at the bottom of the via hole VH1, and 1s electrically con-
nected to the wiring pattern 31B. The via hole VH1 and the via
wiring 31 A are formed 1n a tapered shape 1n which the diam-
cter 15 increased from the lower side (the side of the semicon-
ductor chip 12) toward the upper side (the side of the second
wiring layer 33) 1in FIG. 1A. Further, the planar shapes of the
via hole VH1 and the via wiring 31A are circular, for example.
The diameters of the via hole VH1 and the via wiring 31A
may be set to about 20 to 40 um, for example. The thickness
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ol the wiring pattern 31B may be set to about 15 to 35 um, for
example. Copper or copper alloy may be used as a material of
the first wiring layer 31, for example.

The interlayer msulating layer 32 1s the outermost inter-
layer msulating layer (specifically, the outermost interlayer
insulating layer positioned on the opposite side of the first
insulating layer 11) formed on the second nsulating layer 20
to cover the first wiring layer 31. The interlayer insulating
layer 32 1s an insulating layer containing a reinforcing mate-
rial, and 1s an insulating layer having a mechanical strength
(stiflness, hardness or the like) higher than those of the first
and second insulating layers 11 and 20. As a material of the
interlayer insulating layer 32, for example, an insulating resin
containing a reinforcing material in a thermosetting resin may
be used. Specifically, as the material of the interlayer msulat-
ing layer 32, for example, an 1nsulating resin containing a
reinforcing material obtained by impregnating an epoxy-
based thermosetting resin or a polyimide-based thermoset-
ting resin 1in woven fabric or non-woven fabric of glass, ara-
mid or LCP (Liquid Crystal Polymer) fiber may be used.
Further, 1t 1s preferable that the material of the interlayer
insulating layer 32 be adjusted so that the thermal expansion
coellicient of the interlayer insulating layer 32 1s close to the
thermal expansion coefficient of the semiconductor chip 12
compared with the thermal expansion coellicients of the first
and second 1nsulating layers 11 and 20. In other words, 1t 1s
preferable that the matenial of the interlayer insulating layer
32 be adjusted so that the thermal expansion coetlicient of the
interlayer msulating layer 32 1s lower than the thermal expan-
s1on coellicients of the first and second insulating layers 11
and 20. Specifically, the thermal expansion coetlicient of the
interlayer msulating layer 32 1s set to about 18 to 30 ppm/© C.,
for example. The thickness from the first surface 20A of the
second 1nsulating layer 20 to the upper surface of the inter-
layer mnsulating layer 32 may be set to about 35 to 70 um, for
example. Further, the thickness from the upper surface of the
wiring pattern 31B to the upper surface of the interlayer
insulating layer 32 may be set to about 20 to 30 um, for
example. Further, 1t 1s preferable that the interlayer insulating
layer 32 be formed to be thicker than the thickness in a case
where an insulating resin without containing a reinforcing
material 1s used as the interlayer insulating layer 32 from the
viewpoint ol increase in mechanical strength.

A via hole VH2 1s formed through the interlayer insulating
layer 32 to expose an upper surface of the wiring pattern 31B
of the first wiring layer 31.

The second wiring layer 33 is the outermost wiring layer
formed on the iterlayer insulating layer 32. The second
wiring layer 33 includes a via wiring 33 A filled 1n the via hole
VH2, and a wiring pattern 33B formed on the interlayer
insulating layer 32. The via wiring 33 A 1s electrically con-
nected to the first wiring layer 31 that 1s exposed at the bottom
of the via hole VH2, and is electrically connected to the
wiring pattern 33B. The via hole VH2 and the via wiring 33 A
are formed 1n the tapered shape in which the diameter is
increased from the lower side toward the upper side 1n FIG.
1A. Further, the planar shapes of the via hole VH2 and the via
wiring 33A are circular, for example, and the diameters
thereol may be set to about 30 to 75 um, for example. The
thickness of the wiring pattern 33B may be set to about 15 to
35 um, for example. The wiring pattern 33B 1s disposed in a
matrix or peripheral shape from a planar view. Copper or
copper alloy may be used as a material of the second wiring
layer 33, for example.

The solder resist layer 40 1s formed on the interlayer insu-
lating layer 32 to cover the second wiring layer 33. An open-
ing portion 40X for exposing a part of the wiring pattern 33B
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as an external connection pad 33P i1s formed 1n the solder
resist layer 40. An external connection terminal such as a
solder ball or a lead pin used when the semiconductor pack-
age 1 1s mounted on a mount board or the like 1s connected to
the external connection pad 33P. As necessary, an OSP film
may be formed on the wiring pattern 33B that 1s exposed
through the opening portion 40X using an OSP (Organic
Solderability Preservative) process, and the external connec-
tion terminal may be connected to the OSP film. Further, a
metal layer may be connected on the wiring pattern 33B that
1s exposed through the opening portion 40X, and the external
connection terminal may be connected to the metal layer. As
an example of the metal layer, an Au layer, a Ni/Au layer
(metal layer obtained by sequentially stacking a Ni layer and
an Au layer), a Ni/Pd (palladium)/Au layer (metal layer
obtained by sequentially stacking a N1 layer, a Pd layer and an
Au layer) or the like may be used. The wiring pattern 33B that
1s exposed through the opening portion 40X (or the OSP film
or the metal layer 1n a case where the OSP film or the metal
layer 1s formed on the wiring pattern 33B) itself may be used
as the external connection terminal.

The planar shape of the opening portion 40X 1s circular, for
example, and 1ts diameter may be set to about 200 to 300 um.
The thickness from the upper surface of the interlayer nsu-
lating layer 32 to the upper surface of the solder resist layer 40
may be set to about 20 to 40 um, for example. As a material of
the solder resist layer 40, for example, an epoxy-based or
acryl-based insulating resin may be used.

The size of the semiconductor package 1 having the above-
mentioned structure may be set to about 8 mmx8 mm to 12
mmx12 mm from a planar view, for example. Further, the
entire thickness of the semiconductor package 1 may be set to
about 300 to 700 um, for example.

Here, the warpage of related-art the semiconductor pack-
age, that 1s, the warpage of a semiconductor package 5 (see
FIG. 16) 1n which the metal plate 10 and the first insulating
layer 11 are not formed and an interlayer insulating layer 32A
formed of an 1mnsulating resin having the same composition as
those of the first and second insulating layers 11 and 20,
instead of the interlayer insulating layer 32, 1s formed will be
described. In the semiconductor package 3, for example, the
shrinkage occurring during cooling after heat treatment
depends on physical properties (thermal expansion coedll-
cient, elastic modulus and the like) of the semiconductor chip
12, that 1s, physical properties of silicon on the side of the
semiconductor chip 12. On the other hand, on the side of the
wiring structure 30 of the related semiconductor package 3,
for example, the shrinkage occurring during cooling after
heat treatment depends on physical properties of the wiring,
structure 30, that 1s, physical properties of the interlayer insu-
lating layer 32A. As described above, the thermal expansion
coellicient of silicon 1s 3.4 ppm/° C., but in a case where the
epoxy-based resin 1s used as the interlayer insulating layer
32A, the thermal expansion coellicient 1s 46 ppm/© C. at a
temperature lower than the glass transition temperature Tg
(150° C.), and 1s 120 ppm/° C. at a temperature equal to or
higher than the glass transition temperature Tg. As described
above, 1n the related-art semiconductor package 5, when the
semiconductor package 5 1s viewed 1n the vertical direction
(thickness direction), distribution of the physical properties
(thermal expansion coelficient, elastic modulus and the like)
1s vertically asymmetric. Thus, there 1s a problem that
warpage may easily occur 1n the semiconductor package 5.

On the other hand, 1n the semiconductor package 1 of the
present embodiment, as shown 1n FIG. 1A, the metal plate 10
and the first msulating layer 11 are formed on the opposite
side of the wiring structure 30 around the semiconductor chip
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12. Thus, the wiring structure 30 1n which the first and second
wiring layers 31 and 33 and the interlayer insulating layer 32
are formed 1s formed on the side of the first surface 12A ofthe
semiconductor chip 12, and the metal plate 10 and the first
insulating layer 11 are formed on the opposite side of the first
surface 12A. Thus, distribution of the physical properties
(thermal expansion coefficient, elastic modulus and the like)
when the semiconductor package 1 1s viewed 1n the vertical
direction (thickness direction) shows a state close to a vertical
symmetry around the semiconductor chip 12. Accordingly,
the balance of the vertical physical properties around the
semiconductor chip 12 becomes favorable, and thus, 1t 1s
possible to suppress the semiconductor package 1 from being
warped or deformed accordance to thermal contraction or the

like.

Further, since the entire surfaces including the side sur-
faces of the metal plate 10 are covered by the first insulating
layer 11 and the second insulating layer 20, oxidation of the

metal plate 10 1s suppressed.
<Method for Manufacturing Semiconductor Package™

Next, amethod for manufacturing the semiconductor pack-
age 1 will be now described.

First, as shown 1 FIG. 2A, a support substrate 80 1s pre-
pared in order to manufacture the semiconductor package 1.
The support substrate 80 1s a rectangular flat plate from a
planar view, for example. A metal plate or a metal fo1l may be
used as the support substrate 80, for example. In the present
embodiment, a copper plate may be used, for example. The
thickness of the support substrate 80 1s about 70 to 200 um, for
example. As the support substrate 80 of the present embodi-
ment, a large-sized substrate 1s used on which a plurality of
the semiconductor packages 1 are assembled. In FIGS. 2A to
2F and FIGS. 4 A to 4D, for ease of description, a portion that
corresponds to one semiconductor package 1 1s shown.

Next, 1n a process shown 1 FIG. 2B, the first insulating
layer 11 1s formed on a first surface 80A (upper surface in the
figure) of the support substrate 80 to cover the first surface
80A. For example, the first insulating layer 11 of a film shape
1s laminated on the first surface 80A of the support substrate
80.

Subsequently, 1n a process shown 1n FIG. 2C, a metal plate
10D that becomes the metal plate 10 1s formed on the first
surface 11A (upper surface in the figure) of the first insulating
layer 11 to cover the first surface 11 A. The metal plate 10D 1s
formed on the first insulating layer 11 by being bonded to the
first insulating layer 11 by thermo compression (heating and
pressurization). Specifically, the first msulating layer 11 1s
heated and pressurized to be cured while the metal plate 10D
1s bonded to the first insulating layer 11 by thermo compres-
S1011.

Then, 1n a process shown 1n FIG. 2D, on the first surface
10A of the metal plate 10D, aresistlayer 81 1s formed to cover
the metal plate 10D that 1s a part corresponding to a region
where the metal plate 10 (see FIG. 1) 1s formed. As a material
of the resist layer 81, an etching resistant material may be
used. Specifically, as the material of the resist layer 81, a
photosensitive dry film resist, a liquid photoresist (for
example, dry film resist or liquid resist such as a novolac-
based resin or an acryl based resin) or the like may be used.
For example, 1n a case where the photosensitive dry film resist
1s used, a dry film 1s laminated on the first surface 10A of the
metal plate 10D by thermo compression bonding, and the dry
f1lm 1s patterned by light exposure and development to form
the resist layer 81. In a case where the liquid photoresist 1s
used, 1t 1s also possible to form the resist film 81 using the
same Process.
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Next, by etching the metal plate 10D using the resist layer
81 as an etching mask to remove a portion of the metal plate
10D where the resist layer 81 1s not formed, the metal plate 10
1s formed as shown 1n FI1G. 2E. The external dimension of the
metal plate 10 1s smaller than the external dimension of the
first insulating layer 11 according to the above-mentioned
patterning. For example, 1n a case where a copper plate 1s used
as the metal plate 10D, 1t 1s possible to use a ferric chloride
solution as an etchant of the present process, and 1t 1s possible
to perform the patterning by performing spray etching from
the side of the first surface 10A of the metal plate 10D. After
patterning the metal plate 10, the resist layer 81 1s removed by
an alkaline remover, for example.

Subsequently, 1n a process shown 1 FIG. 2F, on the first
surface 11 A of the firstinsulating layer 11, an insulating layer
21 (a third insulating layer) 1s formed to cover the first surface
10A and the side surfaces 10C of the metal plate 10. The
insulating layer 21 may be formed by laminating a resin film
on the first surface 11A of the first insulating layer 11 and by
performing heat treatment on the resin film at a temperature of
about 130° C. to 150° C. while pressing the resin {ilm to be
cured.

Then, 1n a process shown 1n FIG. 3A, an opening portion
21X 1s formed 1n the insulating layer 21 to expose a portion of
the metal plate 10 corresponding to the mounting surface on
which the semiconductor chip 12 1s mounted. In the present
process, the opening portion 21X 1s formed 1n a tapered shape
in which the diameter 1s increased from the lower side (the
side of the metal plate 10) toward the upper side thereof as
shown 1n the figure. The opening portion 21X may be formed
by a laser processing method using CO, laser, UV-YAG laser
or the like, or a blasting process such as wet blasting.

Subsequently, 1n a case where the opening portion 21X 1s
formed by the laser processing method, resin smear in the
opening portion 21X 1s removed by a desmear process. The
desmear process may be performed using permanganate, for
example.

Next, 1mn a process shown in FIG. 3B, the semiconductor
chip 12 1s mounted on the first surface 10A of the metal plate
10 that 1s exposed through the opening portion 21X. Specifi-
cally, the semiconductor chip 12 1s bonded onto the first
surface 10A by the bonding material 13 so that a surface
opposite to the circuit forming surface 12A of the semicon-
ductor chip 12 faces the metal plate 10, that 1s, 1n a face-up
state. For example, the bonding material 13 1s coated 1n
advance on the first surface 10 of the metal plate 10, the
semiconductor chip 12 that i1s disposed on the first surface
10A 1n the face-up state 1s heated and pressurized, and thus,
the semiconductor chip 12 i1s bonded on the first surface IOA
through the bonding material 13. Here, the insulating layer 21
formed 1n the previous process 1s formed so that the first
surface (upper surface 1 FIG. 3B) 21A 1s higher than the
circuit forming surface 12A of the semiconductor chip 12.
That 1s, the mnsulating layer 21 formed on the first insulating
layer 11 1s formed to be thicker than the sum of the thickness
of the metal plate 10, the thickness of the bonding material 13
and the thickness of the semiconductor chip 12. In other
words, the opening portion 21X of the insulating layer 21 1s
formed to be deeper than the sum of the thickness of the
bonding material 13 and the thickness of the semiconductor
chip 12. In this way, the semiconductor chip 12 1s mounted on
the metal plate 10 while being accommodated 1n the opening,
portion 21X.

Subsequently, 1n a process shown 1n FIG. 3C, an msulating
layer 22 (a fourth insulating layer) 1s formed to cover the first
surface 10A of the metal plate 10, the first surface 12 A and the

side surfaces of the semiconductor chip 12, the electrode
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terminal 12P and the first surface 21 A of the insulating layer
21. Thus, the second insulating layer 20 that includes the
insulating layer 21 and the isulating layer 22 1s formed. The
thickness of the insulating layer 22 formed on the electrode
terminal 12P may be set to about 15 to 25 um. Here, the
isulating layer 22 may be formed by laminating a resin film
on the first surface 21A of the msulating layer 21 and by
performing heat treatment for the resin film at a temperature
of about 130° C. to 130° C. while pressing the resin film.

Here, since the first surface 21 A of the msulating layer 21 1s
formed to be higher than the first surface 12A of the semi-

conductor chip 12 as described above, it 1s possible to make

flat the first surface (upper surface i FIG. 3C) 22A of the
insulating layer 22, that 1s, the first surface 20A of the second
insulating layer 20. Further, since the opeming portion 21X of
the insulating layer 21 1s formed in the tapered shape where
the diameter 1s 1increased from the lower side in the figure
toward the upper side, it 1s possible to improve fluidity of the
resin toward a gap between the nsulating layer 21 and the
semiconductor chip 12, and to suitably suppress void occur-
rence in the msulating layer 22. By laminating the insulating
layer 22 1n a vacuum atmosphere, 1t 1s possible to further
suppress void occurrence 1n the msulating layer 22.

Next, i a process shown in FIG. 3D, the via holes VHI are
formed 1n a predetermined number of positions of the 1nsult-
ing layer 22 so that the upper surface of the electrode terminal
12P formed on the circuit forming surface 12A of the semi-
conductor chip 12 1s exposed. The via hole VH1 may be
formed by a laser processing method using CO, laser, UV-
YAG laser or the like. In a case where the insulating layer 22
1s Tormed using a photosensitive resin, for example, the nec-
essary via hole VH1 may be formed by a photolithography
Process.

Subsequently, 1n a case where the via hole VH1 1s formed
by the laser processing method, resin smear 1n the via hole
VHI1 is removed by the desmear process. The desmear pro-
cess may be performed by using permanganate, for example.

Next, 1n a process shown 1 FIG. 4A, a via conductor 1s
filled 1n the via hole VHI1 of the second insulating layer 20 to
form the via wiring 31A, and then, the wiring pattern 31B that
1s electrically connected to the electrode terminal 12P
through the via wiring 31A 1s formed on the msulating layer
22. The via wiring 31 A and the wiring pattern 31B, that 1s, the
first insulating layer 31 may be formed using various wiring
forming methods such as a semi1 additive process or subtrac-
tive process.

Next, the interlayer insulating layer 32 and the second
wiring layer 33 are alternately formed by repeatedly perform-
ing the processes shown in FIGS. 3C to 4A. Specifically, as
shown in F1G. 4B, the interlayer insulating layer 32 1s formed
on the insulating layer 22 and the first wiring layer 31, and the
via hole VH2 that reaches the upper surface of the wiring
pattern 31B 1s formed 1n the interlayer insulating layer 32.
Then, the via wiring 33 A 1s formed 1n the via hole VH2, and
the wiring pattern 33B that 1s electrically connected to the via
wiring 33A 1s formed.

Subsequently, 1n a process shown 1n FIG. 4C, the solder
resist layer 40 having an opening portion 40X 1s formed on
the mterlayer insulating layer 32 and the second wiring layer
33. The solder resist layer 40 may be formed by laminating a
photosensitive solder resist film or coating a liquid solder
resist and by patterning the resist in a predetermined shape,
for example. Thus, a part of the wiring pattern 33B 1s exposed
through the opening portion 40X of the solder resist layer 40
as an external connection pad 33P. A metal layer obtained by
sequentially stacking an Ni layer and an Au layer may be
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formed on the external connection pad 33P, for example. The
metal layer may be formed by an electroless plating process,
for example.

Then, 1n a process shown 1n FIG. 4D, the support substrate
80 (see FIG. 4C) used as a temporary substrate 1s removed.
Thus, 1t 1s possible to manufacture the semiconductor pack-
age 1 of the present embodiment. For example, 1n a case
where a copper plate 1s used as the support substrate 80, 1t 1s
possible to remove the support substrate 80 by wet etching,
using a ferric chloride solution, a cupric chloride solution, an
ammonium persulphate solution or the like. At this time, since
the first insulating layer 11 1s exposed at the side of the lower
surface of the semiconductor package 1, it 1s possible to
selectively etch only the support substrate 80 that 1s made of
the copper plate. Here, 1n a case where the second wiring layer
33 1s a copper layer, 1n order to prevent the second wiring
layer 33 exposed at the bottom of the opening portion 40X
from being etched together with the support substrate 80, 1t 1s
necessary to perform the wet etching while masking the sec-
ond wiring layer 33.

Then, by cutting a structure body shown in FIG. 4D in
regions (indicated by arrows 1n the figure) corresponding to
the individual semiconductor package 1, it 1s possible to
obtain the semiconductor package 1 shown in FIGS. 1A and
1B.
<Modeling Effect>

Next, a calculation result of the amount of warpage of the
semiconductor package 1 1n a case where the thickness of the
metal plate 10 1s changed will be now described. Specifically,
a model 1s assumed 1n which the planar shape of the semi-

conductor package 1 1s set to 8 mmx8 mm, the planar shape of
the semiconductor chip 12 1s set to 5 mmx5 mm, the thickness
1s 100 um (the thickness of the bonding layer 13 15 10 um, the
thickness of the semiconductor chip 12 1s 75 um, and the
thickness of the post 12P 1s 15 um), and the metal plate 10 and
the first insulating layer 11 are provided on the lower surtace
of the semiconductor chip 12. In this model, 1t1s assumed that
the thickness of the first mnsulating layer 11 1s 25 um, the
thickness from the first surface 21 A of the insulating layer 21
to the first surface 20 A of the second msulating layer 2015 1235
um (the thickness from the first surface 10 A of the metal plate
10 to the first surface 21A of the msulating layer 21 1s 95 um,
and the thickness from the first surface 10A of the metal plate
10 to the first surface 22 A of the insulating layer 22 1s 30 um).
Further, 1in the above-mentioned model, it 1s assumed that the
thicknesses of the wiring patterns 31B and 33B are respec-
tively 15 um, the thickness of the interlayer msulating layer
32 15 30 um, the physical properties of the metal plate 10 and
the wiring patterns 31B and 33B are the same, and the physi-
cal properties of the first insulating layer 11 and the second
insulating layer 20 are the same. Further, the amount of
warpage 1n a case where the physical properties of the metal
plate 10, the semiconductor chip 12, the first and second
insulating layers 11 and 20 and the wiring structure 30 have
fixed values and the thickness of the metal plate 10 1s
changed, was calculated. An example of the calculated
amount of warpage 1s shown in Table 1.

TABL

(L.

1

Thickness of metal plate 10 (um) Amount of warpage (um)

18 178
35 124
70 144
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As can be seen from Table 1, 1n a case where the thickness
of the metal plate 10 1s 35 um, 1t 1s possible to minimize the
amount of warpage of the semiconductor package 1. The
reason may be considered as follows.

In the above-mentioned model, the sum of the thicknesses
of the wiring layers (wiring patterns 31B and 33B) formed as
a layer higher than the circuit forming surface 12A of the
semiconductor chip 12 1s 30 (=15+15) um. On the other hand,
as the thickness of the metal plate 10 formed as a layer lower
than the surface opposite to the circuit forming surface 12A of
the semiconductor chip 12 is set to 35 um, distribution of the
physical properties around the semiconductor chip 12 when
the semiconductor package 1 1s vertically seen may be closest
to vertical symmetry, among the calculated three values.
Thus, 1t 1s considered that the amount of warpage may be
minimized 1n a case where the thickness of the metal plate 10
1s 35 um. From the above result and observation, it 1s consid-
ered that 1t 1s possible to effectively reduce the warpage of the
semiconductor package 1 by making the thickness of the
metal plate 10 close to the sum of the thicknesses of the entire
wiring layers (here, wiring patterns 31B and 33B) in the
wiring structure 30.

According to the present embodiment described above, 1t 1s
possible to obtain the following effects.

(1) The metal plate 10 and the first insulating layer 11 are
formed on the opposite side of the wiring structure 30 around
the semiconductor chip 12. Thus, the distribution of the ther-
mal expansion coelficient and elastic ratio when the semicon-
ductor package 1 1s vertically seen shows a state close to a
vertical symmetry around the semiconductor chip 12.
Accordingly, balance of the vertical thermal expansion coet-
ficient and elastic ratio around the semiconductor chip 12
becomes favorable, and thus, 1t 1s possible to reduce warpage
of the semiconductor package 1 occurring according to ther-
mal contraction or the like.

In this regard, 1nstead of the metal plate 10 and the first
insulating layer 11, a metal plate having a thickness of about
0.5 to 1 mm may be provided on the lower surface of the
semiconductor chip 12 to increase the mechanical strength of
the entire semiconductor package, and thus, it 1s possible to
reduce the warpage of the semiconductor package. However,
in this case, there 1s a new problem that thinning of the
semiconductor package 1 1s obstructed due to the thick metal
plate. In this regard, 1n the semiconductor package 1 of the
present embodiment, since the metal plate 10 thinner than the
semiconductor chip 12 1s employed, 1t 1s possible to reduce
the warpage of the semiconductor package 1 and to suppress
the semiconductor package 1 from being increased in size.

For example, in a case where the total thickness of the
wiring layers in the wiring structure 30 is thicker than the
semiconductor chip 12, the symmetry of the distribution of
the physical properties around the semiconductor chip 12
deteriorates. However, by providing the metal plate 10 and the
first msulating layer 11, the distribution of the physical prop-
erties around the semiconductor chip 12 may be close to the
vertical symmetry, compared with a case where they are not
provided, and thus, it 1s possible to reduce the warpage of the
semiconductor package 1.

(2) Since the metal plate 10 1s covered by the mnsulating
layer 11 and the second insulating layer 20, oxidation of the
metal plate 10 1s suppressed. Thus, it 1s possible to suitably
suppress the problem that thermal conductivity 1s reduced due
to the oxidation of the metal plate 10.

(3) The thermal expansion coelficient of the outermost
interlayer isulating layer 32 1s set to be close to the thermal
expansion coelficient of the semiconductor chip 12, com-
pared with the thermal expansion coefficients of the first and
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second interlayer insulating layers 11 and 20. Thus, for
example, the shrinkage occurring on the layer side (on the
side of the wiring structure 30) higher than the semiconductor
chip 12 durning cooling after heat treatment may be close to the
shrinkage occurring on the side of the semiconductor chip 12
(the semiconductor chip 12, the metal plate 10 and the first
insulating layer 11). Accordingly, it 1s possible to reduce the
warpage occurring in the semiconductor package 1.

(4) The semiconductor chip 12 1s bonded onto the metal
plate 10 through the bonding material 13. Thus, the semicon-
ductor chip 12 1s thermally connected to the metal plate 10,
and thus, it 1s possible to efficiently radiate heat generated 1n
the semiconductor chip 12.

(5) The msulating layer 21 1s formed so that the first surface
21A of the mnsulating layer 21 1s higher than the circuit form-
ing surface 12A of the semiconductor chip 12. Thus, 1t 1s
possible to make flat the first surface 22A of the insulating
layer 22 that 1s formed on the first surface 21A of the msulat-
ing layer 21 and covers the circuit forming surface 12A of the
semiconductor chip 12.

(6) The opening portion 21X of the msulating layer 21 1s
formed 1n a tapered shape where the diameter 1s increased
from the lower side (the side of the metal plate 10) toward the
upper side thereof. Thus, when the insulating layer 22 1s
formed on the insulating layer 21, fluidity of the resin toward
the gap between the msulating layer 21 and the semiconduc-
tor chip 12 1s improved, and thus, 1t 1s possible to appropri-
ately suppress void occurrence 1n the mnsulating layer 22.

Second Embodiment

Hereinatter, a second embodiment will be now described
with reference to FIGS. 5A and 5B to FIG. 9. A semiconduc-
tor package 1A according to this embodiment 1s different
from the first embodiment 1n that a connection pad 50P con-
nected to a first wiring layer 31 1s formed on the same plane as
a metal plate 10. Hereinafter, different points from the first
embodiment will be mainly described. The same reference
numerals are given to the same members as the members
shown 1n FIGS. 1A and 1B to FIGS. 4A to 4D, and detailed
description thereof will be omaitted.

As shown 1n FIG. SA, on a first surface 11A of a first
insulating layer 11, a metal plate 10 1s formed, and a conduc-
tive layer 50 that 1s electrically separated from the metal plate
10 1s also formed. As shown 1n FIG. 5B, the metal plate 10 1s
tformed over approximately the entire surface excluding an
outer edge of the semiconductor package 1A (for example,
the first insulating layer 11 shown 1n FIG. SA), and 1s formed
to extend around the periphery of the conductive layer 50.
Specifically, in the metal plate 10, an approximately circular
opening portion 10X, from a planar view, having a planar
shape larger than the conductive layer 50 1s formed 1n a region
where the conductive layer 50 1s formed. Further, the conduc-
tive layer 50 having an approximately circular shape from a
planar view 1s formed 1n the opening portion 10X. Thus, a
second insulating layer 20 1s exposed in an annular shape
from the metal plate 10 and the conductive layer 50, between
the metal plate 10 and the conductive layer 50.

Further, as shown 1n FIG. 5A, an opening portion 11X for
exposing a part ol the conductive layer 50 as a connection pad
50P 1s formed in the first insulating layer 11. The connection
pad 50P 1s electrically connected to a different semiconductor
package 4 (see FIG. 6) or the like. The planar shapes of the
opening portion 11X and the connection pad 50P are circular,
for example, and their diameters may be set to about 100 to
200 um, for example. The opeming portion 11X and the con-
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nection pad S0P are formed 1n an annular shape along the
periphery of a semiconductor chip 12, in a so-called periph-
eral shape.

As the conductive layer 50, for example, a layer obtained
by stacking a Cu layer or the like on a metal layer obtained by
sequentially stacking an Au layer and a N1 layer from the side
of the surface exposed from the first msulating layer 11
toward the side of a wiring structure 30 may be used. In this
case, the thickness of the Au layer may be set to about 0.1 to
1 um, for example, the thickness of the N1 layer may be set to
about 1 to 10 um, for example, and thickness of the Cu layer
may be set to about 10 to 40 um, for example.

A via hole VH1 1s formed, and a via hole VH3 i1s formed
through the second insulating layer 20 to expose an upper
surface of the conductive layer 50.

A first wiring layer 31 includes a via wiring 31A filled 1n
the via hole VH1, a via wiring 31C filled 1n the via hole VH3,
and a wiring pattern 31B formed on the second insulating
layer 20. The via wiring 31C 1s electrically connected to the
conductive layer 50 that 1s exposed at the bottom of the via
hole VH3, and 1s electrically connected to the wiring pattern
31B. The via hole VH3 and the via wiring 31C are formed 1n
the tapered shape where the diameter 1s increased from the
lower side (the side of the msulating layer 11) toward the
upper side (the side of the second 1nsulat1ng layer 33) 1n FIG.
5A. Further, the planar shapes of the via hole VH3 and the via
wiring 31C are circular, for example. The diameters of the via
hole VH3 and the via wiring 31C may be set to about 50 to 100
um, for example. Copper or copper alloy may be used as a
material of the via wiring 31C, for example.
<Structure of Semiconductor Apparatus>

Next, a structure of a semiconductor apparatus 3 will be
described with reference to FIG. 6. In FIG. 6, the semicon-
ductor package 1A 1s vertically reversed, differently from
FIG. SA.

As shown in FIG. 6, the semiconductor apparatus 3
includes the semiconductor package 1A, and the semicon-
ductor package 4 bonded to the semiconductor package 1.

The semiconductor package 4 includes a wiring substrate
60, a first semiconductor chip 71 that 1s flip-chip mounted on
the Wmng substrate 60, and a second semiconductor chip 72
that 1s bonded onto the first semiconductor chip 71. Further,
the semiconductor package 4 includes an under filling resin
73 provided to 11l a gap between the first semiconductor chip
71 and the wiring substrate 60, and an encapsulating resin 74
that encapsulates the first semiconductor chip 71, the second
semiconductor chip 72 and the like. The planar shape of the
first semiconductor chip 71 1s formed to be larger 1n size than
the planar shape of the second semiconductor chip 72.

The wiring substrate 60 includes a substrate body 61, a chip
pad 62 and a bonding pad 63 formed on an upper surface of
the substrate body 61, and an external connection terminal 64
formed on a lower surface of the substrate body 61.

Although not shown, the substrate body 61 1s configured by
a plurality of insulating layers, and vias, wirings and the like
that are formed on the plurality of insulating layers. The vias
and wirings provided 1n the substrate 61 are electrically con-
nected to the chip pad 62, the bonding pad 63 and the external
connection terminal 64. As the substrate body 61, for
example, a coreless substrate, a core build-up substrate hav-
ing a core substrate, or the like may be used.

A bump 71A of the first semiconductor chip 71 1s flip-chip
bonded to the chip pad 62. Further, the bonding pad 63 1s
clectrically connected to an electrode pad (not shown) formed
on an upper surface of the second semiconductor chip 72
through a bonding wire 75. As materials of the chip pad 62
and the bonding pad 63, for example, copper or copper alloy




US 8,994,193 B2

15

may be used. Further, the chip pad 62 and the bonding pad 63
may be formed by applying a metal layer (for example, Au
layer, N1/Au layer, N1/Pd/ Au layer or the like) onto the surface
ol a copper layer.

The external connection terminal 64 1s a connection termi-
nal (for example, solder ball or lead pin) for connection
between the semiconductor packages 1 and 4. Each external
connection terminal 64 1s provided to face each connection
pad S0P provided 1n the semiconductor package 1.

The under filling resin 73 1s a resin for improving the
connection strength of a connection portion of the bump 71A
of the first semiconductor 71 and the chip pad 62, and 1is
provided to fill the gap between the upper surface of the
wiring substrate 60 and the lower surface of the first semi-
conductor chip 71. As a material of the under filling resin 73,
for example, an epoxy-based insulating resin may be used.

The encapsulating resin 74 1s provided on the upper surface
of the substrate body 61 to encapsulate the first semiconduc-
tor chip 71, the second semiconductor chip 72, the bonding
wire 75 and the bonding pad 63. As a material of the encap-
sulating resin 74, for example, an insulating resin such as an
epoxy-based resin may be used. As a sealing method, for
example, a transfer molding method may be used.

Further, 1n the semiconductor apparatus 3, the external
connection terminal 64 formed on the lower surface of the
semiconductor package 4 1s bonded to the connection pad
50P formed on the upper surface of the semiconductor pack-
age 1A. Thus, the semiconductor package 1A and the semi-
conductor package 4 are bonded to each other, to form the
semiconductor apparatus 3 having a POP (Package on Pack-
age) structure.
<Method for Manufacturing Semiconductor Package>

Next, amethod for manufacturing the semiconductor pack-
age 1A will be now described.

First, in a process shown in FIG. 7A, using the same manu-
facturing processes as those shown in FIGS. 2A to 2C, the first
insulating layer 11 and the metal plate 10D are sequentially
formed on the support substrate 80. Then, a resist layer 82
having an opeming portion 82X 1s formed on a first surface
10A (upper surtace in FIG. 7A) of the metal plate 10D. The
opening portion 82X 1s formed to expose the metal plate 10D
other than a portion corresponding to a region where the metal
plate 10 and the conductive layer 50 are formed. As a material
of the resist layer 82, an etching resistant material may be
used. Specifically, as the material of the resist layer 82, a
photosensitive dry film resist, a liquid photoresist (for
example, a dry film resist or liquid resist such as a novolac-
based resin or an acryl based resin), or the like may be used.

Next, by etching the metal plate 10D using the resist layer
82 as an etching mask to remove a portion of the metal plate
10D where the resist layer 82 1s not formed, the metal plate 10
and the conductive layer 50 are formed as shown 1n FIG. 7B.
The external dimension of the metal plate 10 1s smaller than
the external dimension of the first insulating layer 11 accord-
ing to the above-mentioned patterning, and the metal plate 10
and the conductive layer 50 are electrically separated from
cach other. After patterning the metal plate 10, the resist layer
82 1s removed by an alkaline remover, for example.

Subsequently, 1n a process shown in FIG. 7C, using the
same manufacturing processes as those shown in FIGS. 2F to
3B, an mnsulating layer 21 that covers the conductive layer 50
1s formed on the first mnsulating layer 11, and an opening
portion 21X 1s formed 1n the insulating layer 21. Further, the
semiconductor chip 12 1s bonded to a bonding material 13 1n
a face-up state on the metal plate 10 exposed through the
opening portion 21X of the insulating layer 21. At this time,
the insulating layer 21 1s formed so that 1ts first surface (upper
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surface 1n FIG. 7C) 21A 1s higher than a circuit forming
surface 12A of the semiconductor chip 12.

Then, 1 a process shown 1 FIG. 7D, using the same
manufacturing processes as those shown 1n FIGS. 3C and 3D,
an msulating layer 22 1s formed to cover the first surface 12A
and side surfaces of the semiconductor chip 12, and the via
holes VH1 and VH3 are formed in the insulating layer 22.

Next, 1 a process shown 1n FIG. 8A, a via conductor 1s
filled 1n the via holes VH1 and VH3 to form the via wirings
31A and 31C, and then, the wiring pattern 31B that 1s elec-
trically connected to an electrode terminal 12P and the con-
ductive layer 50 through the via wirings 31A and 31C 1s
tormed. Thus, the first wiring layer 31 that includes the via
wirings 31A and 31C and the wiring pattern 31B 1s formed.
Then, an mterlayer msulating layer 32 and a second wiring
layer 33 are sequentially formed on the first wiring layer 31,
and a solder resist layer 40 having an opening portion 40X for
exposing a part of the wiring pattern 33B as an external

connection pad 33P 1s formed.

Next, 1n a process shown 1in FIG. 8B, the support substrate
80 (see FIG. 8A) used as a temporary substrate 1s removed by
wet etching or the like. Subsequently, an opening portion 11X
1s formed 1n a certain position of the first insulating layer 11
so that a part of the lower surface of the conductive layer 50 1s
exposed to the outside. The opening portion 11X may be
formed by a laser processing method using CO, laser, UV-
YAG laser or the like. In a case where the first insulating layer
11 1s formed using a photosensitive resin, for example, the
opening portion 11X may be formed by a photolithography
process. Thus, a part of the conductive layer 50 1s exposed as
a connection pad 50P through the opening portion 11X of the
isulating layer 11. Also, a surface processing may be per-
tormed on the connection pad 50P. For example, a metal layer
obtained by sequentially stacking a N1 layer and an Au layer
may be formed by an electroless plating process, or a metal
layer obtained by sequentially stacking a N1 layer, a Pd layer
and an Au layer may be formed.

Then, through cutting process 1n a region corresponding to
the mdividual semiconductor package 1A, it 1s possible to
obtain the semiconductor package 1A shown 1n FIG. 8B.
<Method for Manufacturing Semiconductor Apparatus>

Next, a method for manufacturing the semiconductor appa-
ratus 3 will be now described.

First, as shown 1n FIG. 9, the semiconductor package 4 1s
prepared. Here, although detailed description will be omaitted,
the semiconductor package 4 1s manufactured using the fol-
lowing method, for example. That 1s, the wiring substrate 60
that includes the chip pad 62, the bonding pad 63 and the
external connection terminal 64 1s formed, and the bump 71 A
of the first semiconductor chip 71 1s flip-chip bonded to the
chip pad 62 formed on the upper surface of the wiring sub-
strate 60. Subsequently, the under-filling resin 73 1s formed
between the wiring substrate 60 and the first semiconductor
chip 71, and then, the second semiconductor chip 72 1is
bonded onto the first semiconductor chip 71 by a bonding
maternal. Then, the electrode pad (not shown) formed on the
upper surface of the second semiconductor chip 72 and the
bonding pad 63 formed on the upper surface of the wiring
substrate 60 are wire-bonded to each other by the bonding
wire 75, and then, the first and second semiconductor chips 71
and 72, the bonding wire 75 and the like may be encapsulated
by the encapsulating resin 74.

Subsequently, the semiconductor packages 1A and 4 are
positioned so that each connection pad 50P of the semicon-
ductor package 1A faces the external connection terminal 64
of the semiconductor package 4. At this time, a flux (not
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shown) 1s transierred to the external connection terminal 64
of the semiconductor package 4.

Then, the semiconductor package 4 that 1s positioned as
described above 1s mounted on the semiconductor package 1,
and then, the structure body 1s transported to a reflow furnace
(not shown). Further, the external connection terminal 64
(here, solder ball) 1s reflowed in the reflow furnace, and the
semiconductor packages 1A and 4 are bonded to each other
via the connection pad 50P. Thus, the semiconductor appara-
tus 3 having the POP structure shown 1n FIG. 6 1s manufac-
tured. At this time, since the semiconductor package 1A 1s
maintained 1n a flat state, 1t 1s possible to easily bond the
semiconductor package 4 onto the semiconductor package
1A.

According to the present embodiment as described above,
the same effects as those of the first embodiment are obtained.

Third E

Embodiment

Hereinafter, a third embodiment will be now described
with reference to FIGS. 10 to 13. A semiconductor package
1B of the present embodiment 1s different from the first
embodiment in that a connection pad 51P connected to a first
wiring layer 31 1s provided 1n an intermediate position 1n a
thickness direction of a second nsulating layer 20. Hereinat-
ter, different points from the first embodiment will be mainly
described. The same reference numerals are given to the same
members as the members shown in FIGS. 1A and 1B to FIG.
9, and detailed description thereof will be omitted.

The second 1insulating layer 20 includes an insulating layer
23 and an insulating layer 24. As materials of the msulating
layers 23 and 24, for example, a thermosetting epoxy-based
insulating resin may be used. The insulating resin 1s not
limited to the thermosetting resin, and a photosensitive 1nsu-
lating resin may be used.

The insulating layer 23 1s formed to cover a first surface
11A of an msulating layer 11, a first surface 10A and side
surfaces 10C of a metal plate 10, and a part of side surfaces of
a semiconductor chip 12. The thickness of the insulating layer
23 formed on the first surface 11 A of the first insulating layer
11 may be set to about 40 to 70 um.

A conductive layer 51 1s formed on a first surface 23A
(upper surface 1n FIG. 10) of the msulating layer 23. Further,
an opening portion 11Y 1s formed to expose a part of the
conductive layer 51 as a connection pad 51P in the msulating
layer 23 and the first insulating layer 11. The connection pad
51P 1s electrically connected to a different semiconductor
package 4 (see FIG. 6). The planar shapes of the openming
portion 11Y and the connection pad 51P are circular, for
example, and their diameters may be set to about 100 to 200
um, for example. The opening portion 11Y and the connec-
tion pad 51P are formed 1n an annular shape along the periph-
ery of a semiconductor chip 12, 1n a so-called peripheral
shape.

As the conductive layer 51, for example, a layer obtained
by stacking a Cu layer or the like on a metal layer obtained by
sequentially stacking an Au layer and a Ni layer from the side
of the surface exposed from the first nsulating layer 11
toward the side of a wiring structure 30 may be used. In this
case, the thickness of the Au layer may be set to about 0.1 to
1 um, for example, the thickness of the N1 layer may be set to
about 1 to 10 um, for example, and thickness of the Cu layer
may be set to about 10 to 40 um, for example.

The msulating layer 24 1s formed to cover a part of side
surfaces and a first surface 12 A of the semiconductor chip 12,
and an upper surface and side surfaces of the conductive layer
51. The thickness of the insulating layer 24 formed on a first
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surface 23 A of the msulating layer 23 may be set to about 50
to 100 um, for example. A via hole VH1 1s formed through the
insulating layer 24 to expose an upper surface of an electrode
terminal 12P, and a via hole VH4 1s formed through the
insulating layer 24 to expose an upper surface of the conduc-
tive layer 51.

The firstinsulating layer 31 includes a via wiring 31A filled
in the via hole VH1, a via wiring 31D filled 1n the via hole
VH4, and a wiring pattern 31B formed on the second 1nsu-
lating layer 20 (insulating layer 24). The via wiring 31D 1s
clectrically connected to the conductive layer 31 that is
exposed at the bottom of the via hole VH4, and 1s electrically
connected to the wiring pattern 31B. The via hole VH4 and
the via wiring 31D are formed 1n a tapered shape where the
diameter 1s increased from the lower side (the side of the first
insulating layer 11) toward the upper side (the side of the
second wiring layer 33) 1n FI1G. 10. Further, the planar shapes
of the via hole VH4 and the via wiring 31D are circular, for
example. The diameters of the via hole VH4 and the via
wiring 31D may be set to about 20 to 80 um, for example.
Copper or copper alloy may be used as a material of the via
wiring 31D, for example.

The metal plate 10 formed on the first surface 11A of the
first insulating layer 11, 1n a similar way to the metal plate 10
according to the second embodiment, 1s formed over approxi-
mately the entire surface excluding an outer edge of the
semiconductor package 1B (for example, the first insulating,
layer 11), and 1s formed to extend around the periphery of the
conductive layer 51 when viewed from a planar view. Further,
in the metal plate 10, an approximately circular opening
portion 10X, from a planar view, having a planar shape larger
than the conductive layer 51 1s formed 1n a region that faces
the conductive layer 51.
<Method for Manufacturing Semiconductor Package>

Next, amethod for manufacturing the semiconductor pack-
age 1B will be now described.

First, in a process shown in FIG. 11A, using the same
manufacturing processes as those shown 1n FIGS. 2A to 2E,
the first msulating layer 11 and the metal plate 10D are
sequentially formed on the support substrate 80, and the metal
plate 10D 1s patterned to form the metal plate 10 having the
opening portion 10X. As shown 1n FIG. 11B, the metal plate
10 1s formed to extend over approximately the entire surface
excluding an outer edge of the first insulating layer 11. Fur-
ther, in the metal plate 10, a plurality of the opening portions
10X are formed outside a region (see a dashed line frame)
where the semiconductor chip 12 1s mounted 1n a post-pro-
cess. In FIG. 11B, a dashed line circle in the opening portion
10X represents a region where the connection pad 51P to be
formed in the post-process 1s formed.

Subsequently, 1n a process shown 1n FIG. 12 A, the msulat-
ing layer 23 1s formed to cover the first surface 10A and the
side surfaces 10C of the metal plate 10 on the first surface 11 A
of the first msulating layer 11. For example, the insulating
layer 23 may be formed by laminating a resin film on the first
surface 11 A of the first insulating layer 11 and by performing
heat treatment on the resin film at a temperature of about 130°
C. to 150° C. while pressing the resin film to be cured.

Then, 1n a process shown 1n FI1G. 12B, the conductive layer
51 having a predetermined pattern i1s formed on the first
surface 23 A of the msulating layer 23 formed in a position
that faces the opening portion 10X of the metal plate 10. The
conductive layer 51 may be formed using various wiring
forming methods such as a semi1 additive process or a sub-
tractive process.

Subsequently, 1n a process shown 1n FIG. 12C, an msulat-
ing layer 25 1s formed on the first surface 23 A of the insulat-
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ing layer 23 to cover the upper surface and side surfaces of the
conductive layer 51. The insulating layer 25 may be formed

by laminating a resin film on the first surface 23A of the
insulating layer 23 and by performing heat treatment for the
resin film at a temperature of about 130° C. to 150° C. while
pressing the resin film to be cured.

Then, 1n a process shown 1n FIG. 13 A, an opening portion
23X 1s formed through the msulating layer 23 and the insu-
lating layer 25 to expose a portion of the metal plate 10
corresponding to a mounting surface on which the semicon-
ductor chip 12 1s mounted. In the present process, the opening
portion 23X 1s formed 1n a tapered shape where the diameter
1s increased from the lower side (the side of the metal plate 10)
toward the upper side thereof as shown in the figure. The
opening portion 23X may be formed by a laser processing
method using CO, laser, UV-YAG laser or the like, or a
blasting process such as wet blasting.

Next, 1n a process shown 1n FIG. 13B, the semiconductor
chip 12 1s bonded onto the metal plate 10 exposed through the
opening portion 23X by the bonding material 13 1n a face-up
state. At this time, the msulating layer 25 1s formed so that a
first surface (upper surface in FIG. 13B) 25A 1s formed to be
higher than the circuit forming surface 12A of the semicon-
ductor chip 12. Subsequently, using the same manufacturing
processes shown 1n FIGS. 3C and 3D, an insulating layer 26
1s formed to cover the first surface 12A and side surfaces of
the semiconductor chip 12, and then, via holes VH1 and VH4
are formed 1n the mnsulating layer 26.

Subsequently, 1n a process shown 1n FIG. 13C, via wirings
31A and 31D are formed by filling via conductors in the via
holes VH1 and VH4, and a wiring pattern 31B that 1s electri-
cally connected to the electrode terminal 12P and the conduc-
tive layer 51 through the via wirings 31 A and 31D 1s formed.
Thus, the first wiring layer 31 that includes the via wirings
31A and 31D and the wiring pattern 31B 1s formed. Then, the
interlayer msulating layer 32 and the second wiring layer 33
are sequentially formed on the first wiring layer 31, and a
solder resist layer 40 having an opening portion 40X for
exposing a part of a wiring pattern 33B as an external con-
nection pad 33P 1s formed. Then, using the same manufac-
turing process as the process shown in FIG. 8B, the support
substrate 80 1s removed by wet etching or the like, and an
opening portion 11Y 1s formed 1n a certain place of the first
insulating layer 11 and the insulating layer 23 so that a part of
the lower surface of the conductive layer 51 1s exposed to the
outside. Further, through cutting process 1n a region (indi-
cated by arrow 1n the figure) corresponding to the individual
semiconductor package 1B, 1t 1s possible to obtain the semi-
conductor package 1B shown in FIG. 10.

According to the present embodiment described above, the
same ellects as those of the first embodiment are obtained.

Other Embodiments

The above respective embodiments may be approprately
changed into the following embodiments.

In the semiconductor packages 1, 1A and 1B according to
the respective embodiments, one semiconductor chip 12 1s
built-in the semiconductor package. However, this 1s not limi-
tative, and for example, as shown 1 FI1G. 14, 1t 1s possible to
realize a semiconductor package 1C 1n which a plurality of
semiconductor chips 12 are built-in. Further, for example,
instead of at least one semiconductor chip 12 among the
plurality of built-in semiconductor chips 12, an electronic
component such as a chip resistor or a chip capacitor may be
built-in the semiconductor package. In this case, it 1s also
preferable that the outermost interlayer insulating layer 32
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opposite to the first mnsulating layer 11 among the interlayer
insulating layers of the wiring structure 30 be an insulating
layer contaiming a reinforcing material.

In each embodiment, the outermost interlayer insulating
layer 32 opposite to the first insulating layer 11 1s used as the
insulating layer containing the reinforcing material. Further,
the thermal expansion coellicient of the interlayer insulating,
layer 32 1s set to be close to the thermal expansion coetficient
of the semiconductor chip 12 compared with the thermal
expansion coelficients ol the first and second 1insulating layers
11 and 20. However, this 1s not limitative, and for example, as
in a semiconductor package 1D shown 1n FIG. 15, the outer-
most interlayer insulating layer 32 A opposite to the first insu-
lating layer 11 may be used as an insulating layer without
containing a reinforcing material. As a material of the inter-
layer msulating layer 32A 1n this case, the same insulating
resin as that of the second 1nsulating layer 20 may be used.
Specifically, as the material of the interlayer insulating layer
32A, for example, a thermosetting epoxy-based insulating
resin may be used. The mnsulating resin 1s not limited to the
thermosetting resin, and a photosensitive insulating resin may
be used.

In each embodiment, the side surfaces of the metal plate 10
are covered by the second insulating layer 20. However, this
1s not limitative, and for example, the side surfaces of the
metal plate 10 may be covered by the first insulating layer 11.
In this case, for example, using the manufacturing processes
shown 1n FIGS. 2A to 2E, the insulating layer 11 1s formed on
the support substrate 80, the metal plate 10 1s formed on the
first insulating layer 11, and then, the metal plate 10 may be
embedded 1n the first insulating layer 11. For example, after
the resist layer 81 1s removed from the structure body shown
in FI1G. 2E, the structure body after removal may be disposed
between a pair of press jigs and may be heated and pressur-
ized at a temperature of about 150° C. to 200° C. from the
opposite surface sides. Thus, the metal plate 10 1s embedded
in the first insulating layer 11.

In each embodiment, the insulating layers 21 and 25 (third
insulating layer) are formed, the opening portions 21X and
23X are formed 1n the msulating layers 21 and 25, and then,
the semiconductor chip 12 1s bonded onto the metal plate 10
exposed through the opening portions 21X and 23X. Further,
the 1nsulating layers 22 and 26 (fourth insulating layer) are
formed to cover the first surface 12A and the side surfaces of
the semiconductor chip 12. However, this 1s not limitative,
and for example, before the second nsulating layer 20 (1nsu-
lating layers 21 to 26) 1s formed, the semiconductor chip 12
may be bonded onto the metal plate 10, and the second 1nsu-
lating layer 20 may be formed on the first insulating layer 11
to cover the first surface 12A and the side surfaces of the
semiconductor chip 12.

In each embodiment, the method for manufacturing a plu-
rality of semiconductor packages 1s described, but it 1s pos-
sible to realize a method for manufacturing a single semicon-
ductor package. That is, the single semiconductor package 1,
1A or 1B may be manufactured on the support substrate 80.

In each method for manufacturing the semiconductor
package 1, 1A or 1B, the semiconductor chip 12 1s bonded
onto the metal plate 10 formed on one side of the support
substrate 80, the wiring layer and the insulating layer are
formed on one side of the support substrate 80 by a build-up
process, and then, the support substrate 80 1s removed to
manufacture the semiconductor package 1, 1A or 1B. How-
ever, this 1s not limitative, and for example, the first insulating
layers 11 and the metal plates 10 may be formed on the
opposite sides of the support substrate 80, and the semicon-
ductor chip 12 may be respectively fixed to the metal plates 10
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formed on the opposite sides thereol. Then, the wiring layer
and the insulating layer may be respectively formed on the
opposite sides of the support substrate 80 by a build-up pro-
cess, and then, the support substrate 80 may be removed to

manufacture the plurality of semiconductor packages 1, 1A
and 1B.

In each embodiment, the number of the layers, patterns of
the wirings or the like 1n the semiconductor package 1, 1A or
1B may be variously modified or changed.

In the above-described second embodiment, the number of
the semiconductor chips mounted on the wiring substrate 60
of the semiconductor package 4, the mounting type (for
example, flip-chip mounting, wire-bonding mounting or
combination thereol) of the semiconductor chip, or the like
may be variously modified or changed.

EXAMPLES

Next, the above-described embodiments and modification
examples will be now described using examples and com-
parative examples.

Here, with respect to each of semiconductor packages (Ex-
ample 1 and Example 2) 1n which a metal plate 10 and a first
insulating layer 11 are provided, a semiconductor package
(Comparative Example 1) in which the metal plate 10 and the
firstinsulating layer 11 are not provided, and a semiconductor
package (Comparative Example 2) 1n which the first insulat-
ing layer 11 1s not provided, a temperature dependence evalu-
ation of warpage was performed.

Example 1

A semiconductor package of Example 1 1s the semicon-
ductor package 1 shown 1n FIG. 1. As evaluation conditions,
the planar shape of the semiconductor package 1 was set to 8
mmx8 mm, the planar shape of the semiconductor chip 12
was set to 5 mmx5 mm, and the thickness of the semiconduc-
tor chip 12 was set to 75 um. Further, the entire thickness of
the semiconductor package 1 was set to 280 um. Specifically,
the thickness of the first insulating layer 11 was set to 25 um,
the thickness of the metal plate 10 was set to 35 um, and the
L
t

nickness from the first surface 10A of the metal plate 10 to
ne first surface 20A of the second 1nsulating layer 20 was set
to 140 um (the thickness from the first surface 10A of the
metal plate 10 to the first surface 21A of the insulating layer
21 was set to 95 um, and the thickness from the first surface
21A of the insulating layer 21 to the first surface 22A of the
insulating layer 22 was set to 45 um). Further, the thicknesses
of the wiring patterns 31B and 33B were respectively setto 15
um, the thickness of the interlayer insulating layer 32 was set
to 30 um, and the thickness of the solder resist layer 40 was set
to 20 um. The height of the electrode terminal 12P was set to
25 um.

Example 2

A semiconductor package of Example 2 1s a semiconductor
package 1D shown 1n FIG. 15, and has a structure in which the
outermost insulating layer 32A containing the reinforcing
material 1s removed from the semiconductor package of
Example 1. Evaluation conditions are different from Example
1 1n that the thickness of the interlayer insulating layer 32A 1s
set to 25 um.

Comparative Example 1

A semiconductor package of Comparative Example 1 1s a
semiconductor package 5 shown in FIG. 16. The semicon-
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ductor package S has a structure 1n which the metal plate 10
and the first insulating layer 11 are removed from the semi-
conductor package of Example 2, and has the same conditions

as those of Example 2, except that the metal plate 10 and the
first insulating layer 11 are not provided.

Comparative Example 2

A semiconductor package of Comparative Example 2 1s a
semiconductor package 6 shown in FIG. 17. The semicon-
ductor package 6 has a structure in which the first insulating
layer 11 1s removed from the semiconductor package of
Example 1 and a metal plate 90 having the same dimension as
that of the second insulating layer 20 1s formed instead of the
metal plate 10. Comparative Example 2 1s different from
Example 1 only 1n that the first insulating 11 1s not provided
and the thickness of the metal plate 90 1s set to 35 um.
<Measurement Method>

With respect to each of the semiconductor packages after
the support substrate used 1n the manufacturing process was
removed, warpage when temperature was increased from
room temperature to high temperature (here, 260° C.) was
measured, and warpage when the temperature was decreased
from the high temperature (260° C.) to the room temperature
was measured. The measurement of the warpage amount was
performed by sequentially measuring the height of a surface
(measurement surface) of each semiconductor package 1n
which the external connection pad 33P 1s formed along a
diagonal therecof and measuring the height difference
between the highest point and the lowest point. Assume that
the warpage amount 1n a case where the measurement surface
1s warped 1n a concave shape 1s positive and the warpage
amount 1n a case where the measurement surface 1s warped 1n
a convex shape i1s negative, the measurement results are
shown i FIGS. 18 and 19.
<Measurement Results>

As shown 1n FIG. 18, when comparing Examples 1 and 2
with Comparative Example 1, 1t 1s confirmed that 1t 1s possible
to remarkably reduce the warpage amount of the semicon-
ductor package by providing the metal plate 10 and the first
insulating layer 11 (Examples 1 and 2), compared with a case
where the metal plate 10 and the first insulating layer 11 are
not provided (Comparative Example 1). Specifically, in
Examples 1 and 2, compared with Comparative Example 1, 1t
1s confirmed that 1t 1s possible to remarkably reduce the
warpage at the initial room temperature. Further, in Examples
1 and 2, compared with Comparative Example 1, it 1s con-
firmed that 1t 1s possible to suppress variation of the warpage
amount depending on temperature change. Hence, 1t 1s con-
firmed that when the metal plate 10 and the first insulating
layer 11 are provided, 1t 1s possible to improve warpage
reduction etiect.

Further, when comparing Example 1 with Example 2, 1t 1s
confirmed that 1t 1s possible to reduce the warpage amount of
the semiconductor package by providing the outermost inter-
layer insulating layer 32 as the insulating layer containing the
reinforcing material (Example 1), compared with the case of
the interlayer insulating layer 32 A that does not contain the
reinforcing material (Example 2). That 1s, 1t 1s confirmed that
as the outermost interlayer insulating layer 32 1s provided as
the msulating layer containing the reinforcing material, it 1s
possible to improve a warpage reduction etlect.

Further, as shown 1n FIG. 19, when comparing Example 1
with Comparative Example 2, 1t 1s confirmed that 1t 1s possible
to reduce the warpage amount of the semiconductor package
by providing the first insulating layer 11 (Example 1), com-
pared with a case where the first insulating layer 1s not pro-
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vided (Comparative Example 2). Specifically, in Example 1,
compared with Comparative Example 2, 1t 1s confirmed that 1t

1s possible to reduce the warpage at the initial room tempera-
ture. Further, in Example 1, compared with Comparative
Example 2, 1t 1s confirmed that 1t 1s possible to suppress 5
variation of the warpage amount depending on the tempera-
ture change. Hence, 1t 1s confirmed that when the metal plate
10 and the first msulating layer 11 are provided, a high
warpage reduction improvement effect 1s achieved.

While the present invention has been shown and described 10
with reference to certain exemplary embodiments thereof,
other implementations are within the scope of the claims. It
will be understood by those skilled in the art that various
changes 1n form and details may be made therein without
departing from the spirit and scope of the invention as defined 15
by the appended claims.

What 1s claimed 1s:

1. A semiconductor package comprising:

a metal plate comprising a first surface, a second surface
opposite to the first surface and a side surface between 20
the first surface and the second surface:

a semiconductor chip comprising a {irst surface which 1s
formed with an electrode terminal, a second surface
opposite to the first surface, and a side surface between
the first surface and the second surface, wherein the 25
second surface of the semiconductor chip 1s directly
mounted on the first surface of the metal plate via a
bonded material made of an insulating resin;

a first insulating layer that covers and contacts the second
surface of the metal plate; 30

a second sulating layer that covers and contacts the first
surface and the side surface of the metal plate, and the
first surface and the side surface of the semiconductor
chip; and

a wiring structure on the second nsulating layer and com- 35
prising:

a wiring layer electrically connected to the semiconduc-
tor chip; and
an interlayer msulating layer on the wiring layer,

wherein the interlayer insulating layer contains a reinforc- 40
ing material,

wherein a thickness of the metal plate 1s thinner than that of
the semiconductor chip, and

wherein the metal plate 1s formed on a substantial entirety
of a first surface of the first insulating layer except foran 45
outer peripheral edge of the first insulating layer, and

wherein the metal plate 1s a flat plate.

2. The semiconductor package of claim 1,

wherein the interlayer insulating layer 1s formed of insu-
lating resin containing the reinforcing material, and 50

wherein a thermal expansion coetlicient of the interlayer
isulating layer 1s closer to that of the semiconductor
chip than that of the second 1nsulating layer.

3. The semiconductor package of claim 1, further compris-
ng: 55
a conductive layer comprising a first surface and a second

surface opposite to the first surface, wherein the first
surface of the conductive layer 1s flush with the first
surface of the metal plate, and the second surface of the
conductive layer 1s flush with the second surface of the 60
metal plate,

wherein the second surface of the conductive layer, which
1s exposed from the first insulating layer, 1s configured as
a pad to be electrically connected to another semicon-
ductor package, and 65

wherein the conductive layer and the metal plate are on the
same plane and are separate from each other.
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4. The semiconductor package of claim 1, further compris-
ng:

a conductive layer located between the wiring structure and
the metal plate 1n a thickness direction of the second
insulating layer, wherein at least a portion of the con-
ductive layer, which 1s exposed from the first and second
insulating layers, 1s configured as a pad to be electrically
connected to another semiconductor package.

5. The semiconductor package of claim 1, wherein, in the
wiring structure, the wiring layer comprises a plurality of
wiring layers, and the iterlayer insulating layer comprises a
plurality of interlayer insulating layers, and

wherein an outermost one of the interlayer insulating lay-
ers 1s formed of insulating resin containing the reinforc-
ing material, and

wherein a thermal expansion coeflicient of the outermost
interlayer msulating layer 1s closer to that of the semi-
conductor chip than that of the second 1nsulating layer.

6. A semiconductor apparatus comprising;:

the semiconductor package of claim 3, and

another semiconductor package on the semiconductor
package to be electrically connected to the pad.

7. The semiconductor package of claim 1, wherein

the semiconductor package defines a surface including an
outer peripheral edge, and the metal plate 1s formed over
a substantial entirety of the semiconductor package sur-
face except for the outer peripheral edge,

an external dimension of the metal plate 1s smaller than an
external dimension of the semiconductor package, and

the external dimension of the metal plate 1s larger than an
external dimension of the semiconductor chip.

8. The semiconductor package of claim 1, wherein the
semiconductor package has a substantially symmetrical dis-
tribution of physical properties 1 a thickness direction
around the semiconductor chip.

9. A method for manufacturing a semiconductor package,
comprising;

(a) forming a first insulating layer on a support substrate,
wherein the first insulating layer comprises a first sur-
face, a second surface opposite to the first surface, and a
side surface between the first surface and the second
surface;

(b) forming a metal plate on a substantial entirety of the
first surface of the first msulating layer except for an
outer peripheral edge of the first insulating layer,
wherein an external dimension of the metal plate 1s
smaller than that of the first insulating layer, and wherein

the metal plate 1s a flat plate;

(c) bonding a semiconductor chip, comprising a first sur-
face, a second surface opposite to the first surface, and a
side surface between the first surface and the second
surface, onto a first surface of the metal plate so that the
second surface of the semiconductor chip 1s directly
mounted on the first surface of the metal plate via a
bonding material made of an insulating resin, and form-
ing a second insulating layer to cover and contact the
first surface and the side surface of the metal plate and
the first surface and the side surface of the semiconduc-
tor chip;

(d) forming a wiring structure on the second insulating
layer, wherein the wiring structure comprises a wiring
layer electrically connected to the semiconductor chip,
and an interlayer nsulating layer on the wiring layer,
wherein the interlayer insulating layer contains a rein-
forcing material;

(¢) removing the support substrate,

wherein a thickness of the metal plate 1s thinner than that of
the semiconductor chip.
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10. A method for manufacturing a semiconductor package,

comprising:

(a) forming a first insulating layer on a support substrate;

(b) forming a metal plate on the first insulating laver,
wherein an external dimension of the metal plate 1s 5
smaller than that of the first insulating layer;

(c) bonding a semiconductor chip onto a first surface of the
metal plate and forming a second insulating layer to
cover the metal plate and the semiconductor chip;

(d) forming a wiring structure on the second insulating 10
layer, wherein the wiring structure comprises: a wiring
layer electrically connected to the semiconductor chip;
and an interlayer insulating layer on the wiring layer;

(¢) removing the support substrate,

wherein a thickness of the metal plate 1s thinner than that of 15
the semiconductor chip,

wherein step (¢) comprises:

(c1) forming a third msulating layer on the first insulating
layer to cover the metal plate;
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(c2) forming an opening portion through the third msulat-
ing layer such that the metal plate 1s exposed through the
opening portion;

(c3) bonding the semiconductor chip onto the first surface
of the metal plate which 1s exposed through the opening
portion; and

(c4) forming a fourth insulating layer to cover the first
surface of the metal plate and a first surface of the third
insulating layer and to cover a first surface and side
surface of the semiconductor chip;

wherein the second insulating layer comprises the third
isulating layer and the fourth insulating layer, and

wherein in step (c3), the first surface of the third mnsulating
layer 1s higher than the first surface of the semiconductor
chip.

11. The method according to claim 10, wherein in step (c2),

a diameter of the opening portion 1s gradually increased from
the metal plate toward the first surface of the third insulating,
layer.
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